Objectives: Obstructive sleep apnoea syndrome (OSAS) is a growing health concern as it is associated with serious comorbidities. OSAS is mainly related to obesity, age, gender and a narrowed upper airway is commonly seen in patients with OSAS. This study aimed to compare spirometry parameters between obese OSAS patients and non-obese OSAS patients when patients moved from sitting to supine. Methods: This cross-sectional study was conducted at Sultan Qaboos University Hospital, Muscat, Oman, between December 2009 and December 2010. Patients with severe OSAS and who were OSAS treatment naïve were recruited. Spirometry was performed in all patients in sitting and supine positions to assess forced vital capacity (FVC), forced expiratory volume in the first second (FEV1), FEV1/FVC, forced expiratory flow (FEF) 50%, FEF 25-75%, maximum forced inspiratory flow and expiratory reserve volume. The mean difference in spirometry parameters between patients in sitting and supine positions was calculated. Results: A total of 27 OSAS patients (19 males and 8 females) were included in this study. There was a significant difference in FEV1/FVC in obese and non-obese patients when changing position (P = 0.03). In addition, there was a significant change between male and female patients' FVC percentages (P <0.05). Male patients with OSAS had reduced FVC compared to females. There was no significant difference in the remaining spirometry parameters with patients' change of position. Conclusion: A supine position may cause lower airway obstruction in obese patients with OSAS. The reduced FVC in males possibly contributes to the high prevalence of OSAS in men compared to women. 
O bstructive sleep apnoea syndrome (OSAS) is a growing health concern as it has been associated with a number of serious comorbidities particularly of the cardiovascular system. 1, 2 Sleep apnoea is defined as the cessation of airflow for a period of 10 seconds or more (apnoea) or diminished airflow accompanied by either ≥3% oxygen desaturation or awakening from sleep. 3 OSAS is mainly related to obesity, which is defined as a body mass index (BMI) of more than 30 kg/m 2 . 4 As the prevalence of obesity has increased, there has been a parallel increase in the prevalence of OSAS. 5 The pathophysiology of OSAS is complex and not completely understood, particularly for non-obese OSAS patients. A narrowed upper airway is commonly seen in patients with OSAS and may be attributed to other factors such as fat deposition in the neck or abnormal bony morphology of the upper airway. 6 Such defects may lead to functional impairment of the upper airway dilating muscles and alter airway diameter and transmural pressures. Even in non-obese subjects, the upper airway's diameter reduces in the supine posture. 7 This deficit is likely to be exaggerated in patients with OSAS, particularly while the individual is supine due to the effect of gravity. Spirometry and flow-volume loops have been used to detect the presence of airway obstruction in patients with OSAS. [8] [9] [10] [11] Evidence suggests that overweight/obesity may also affect lung function in non-asthmatic subjects. 11, 12 The underlying mechanisms of these observations have not been adequately studied but it is believed to result from a complex interaction between mechanical and metabolic factors. For example, obesity affects the respiratory system by increasing the deposition of adipose tissue in the upper respiratory tract. These tissues start to produce adipokines, which are inflammatory substances, such as interleukin (IL)-1, IL-6 and tumour necrosis factor-α. These inflammatory substances stimulate mucus secretion and may cause bronchospasms, leading to small airway obstructions. 12 To the best of the authors' knowledge, this is the first study to use spirometry to assess the effect of change when moving from sitting to supine in patients with OSAS. The majority of previous studies focused on spirometry parameters in the erect position, yet none consider changes occurring in a supine position.
The hypothesis of the current study was that obese OSAS patients are more prone to develop lower airway obstruction compared to non-obese patients while changing position. In addition, this study examined the effect of age and gender on the degree of lower airway obstruction in OSAS patients while changing positions.
Methods
This cross-sectional study was conducted at Sultan Qaboos University Hospital (SQUH), Muscat, Oman, between December 2009 and December 2010. New patients who were over the age of 18 years and had been diagnosed with severe OSAS (apnoea-hypopnoea index >30) after one night of level-one polysomnography as per the standard criteria of the American Academy of Sleep Medicine were included in this study. 13 All patients were OSAS treatment naïve and were nonasthmatic, non-smokers and free of chronic obstructive pulmonary disease and other cardiopulmonary diseases. Participants were not taking medication which may affect spirometry indices such as non-selective betablockers.
The patients reported to the pulmonary function testing laboratory, SQUH, between 10:00 and 11:00 AM to avoid time-related variation in spirometry parameters and had been asked to refrain from consuming caffeinated drinks on the day of the test.
Height and weight were measured at the time of arrival and BMI was calculated for all subjects. Subjects with a BMI of 18.5-25 were considered nonobese, while those with a BMI of 25-30 were classified as overweight; obese subjects were classed as having a BMI >30. 4 Participants were then split into two groups: obese (BMI >30) and non-obese (BMI = 18.5-30).
The The device reported all values at body temperature and pressure saturated with water vapour. Spirometry was performed based on the standards and guidelines of the American Thoracic Society. 14 The subjects breathed 5-6 times at tidal volume and then breathed in maximally and breathed out maximally to residual volume. The procedure was done while patients were supine and while they were sitting. A new pneumotach and nose clip were used for each patient to avoid contamination through saliva or body fluids.
All participants performed the slow vital capacity (SVC) and FVC manoeuvers thrice while sitting and thrice while supine. Three minutes were given between each FVC trial. The best effort in each posture was included for the analysis.
The data were analysed using Statistical Package for the Social Sciences (SPSS), Version 23 (IBM Corp., Armonk, New York, USA). Normality of the parameters under study was checked using a Kolmogorov-Smirnov one sample test; if the distribution pattern was normal, then an independent samples t-test was used to evaluate the significance of the difference between the means of the two groups. If the distribution pattern was not normal, then the non-parametric MannWhitney-U test was used to determine the equality of the two groups. A P value of ≤0.05 was considered statistically significant.
Changes in spirometry parameters were calculated using the following formula:
The mean difference in change of position from sitting and supine positions was compared based on BMI, age and gender.
Informed consent was obtained from all participants and the study was explained. Participants could withdraw from the study at any time. 
Results
A total of 27 OSAS patients were included in this study, the majority of which were male (70.4%). The mean male patient age was 40.32 ± 9.68 years, the mean male BMI was 32.11 ± 4.83 kg/m 2 and the mean male apnoea/hypopnoea index was 49.01 ± 23.78. The mean female patient age was 47.63 ± 7.21 years, the mean female BMI was 37.26 ± 4.55 kg/m 2 and the mean female apnoea/hypopnoea index was 53.05 ± 18.31. There was a significant difference in BMI (P = 0.02) but not age (P = 0.07) or apnoea/hypopnoea index (P = 0.67) between There was no significant difference in FVC or FEV1 between non-obese and obese OSAS patients in sitting and supine positions or when changing posture from a sitting to a supine position. However, there was a significant difference in the change of FEV1/FVC between obese and non-obese subjects (-0.81% versus 1.58%; P = 0.030). There was no significant difference Tables 1 and 2 ]. There was a significant difference between the patients who were ≤40 years old and >40 years old in all absolute values of the spirometry parameters in sitting and supine positions (P <0.05) except FEV1/ FVC and FIFmax (P >0.05). There was no significant difference between the two groups when changing posture in any of the spirometry parameters (P >0.05) [ Tables 3 and 4 ].
There was a significant difference between gender in all absolute values of the spirometry parameters (P <0.05) except FEV1/FVC in the supine position, FEF 25-75% in the supine position and FIFmax in a supine position (P >0.05). There was a significant difference between male and female participants in the change of FVC while changing position from a sitting to supine (5.66 ± 3.65 versus 2.66 ± 2.95; P = 0.050). Other parameters did not show any significant differences between genders with change of position [ Tables 5 and 6 ].
Discussion
Spirometry and flow-volume loops are simple, commonly used tests in patients with respiratory diseases. This study aimed to examine the effect of a change of position on the reactivity of airways in OSAS patients with different risk factors such as obesity, age and gender.
No significant difference was found in FEV1/FVC when changing from sitting to supine positions between obese and non-obese OSAS patients. This finding can be attributed to a greater reduction of FVC in obese subjects. Nevertheless, no significant difference was found between the two groups with absolute values of spirometry parameters in either position. This finding would support the initial assumption that obesity may predispose individuals with OSAS to an obstructive airway pattern when moving from a sitting to supine position. This may be due to the limited mobility of the diaphragm and chest wall when in a supine position. 15 The current study contradicts Hoffstein et al. 's findings that sleep apnoea is unrelated to pulmonary function measured during wakefulness. 16 However, Hoffstein et al. studied a larger cohort compared to the current sample size and measured the spirometry parameters in one position only while the current study examined the difference resulting from a change in position. 16 In the current study, a significant difference was found in absolute values for most of the spirometry parameters in both positions when comparing OSAS patients who were less than or more than 40 years old. This finding may be attributed to the effect of age on lung functions. However, no significant changes were found in the mean differences of those parameters between the two groups. Previous studies have indicated, that with age, all spirometry parameters decrease which could be attributed to a decrease in elastic recoil and stiffening of the chest wall. 17 This decline, however, mostly occurs after the age of 60 according to Medbø and Melbye. 18 Other explanations for this finding could be that aging does not cause lower airway obstruction while changing position. Further studies are required to confirm this phenomenon.
An additional risk factor for OSAS is being male. 19 In the current study there was a weak significant difference of the percentage decrease in FVC when comparing male and female patients with no significant increase in FEV1/FVC. Males have been found to be more prone to develop severe OSAS due to anatomical factors and impaired ventilatory control during sleep. 19 In addition, men have a greater abdominal fat distribution than women, which may explain less frequent FVC and FEV1. 15 When comparing OSAS patients in different positions, significant differences were found between different factors. Campbell et al. compared OSAS patients and patients with brief upper airway dysfunction (BUAD) with normal subjects and found no difference in flow-volume curve indices. 20 However, they eliminated the confounders of obesity and age which were the main variables under comparison in the current study. Nevertheless, Campbell et al. 's study measured the flow-volume curve in different positions as did the current study. Campbell et al. 's main aim was to predict OSAS and BUAD from changes in flowvolume curve which differs from the current study which examines the relationship between changes in spirometry parameters and changes in posture in patients with severe OSAS.
The current study has limitations. A major limitation is the study's small sample size which might have affected the statistical reliability of the comparisons. Additionally, OSAS patients were not compared with non-OSAS subjects. However, it is extremely difficult to find obese subjects without OSAS. Obesity was measured in only one way and should have been measured by different means such as waist/hip ratio and neck circumference in order to determine whether the patient is truly obese. For example, patients with high muscle mass can have a high BMI but not be obese. While the current study examined the spirometry indices of patients with OSAS in two positions, adding a standing position in future studies would add more value to this type of examination.
